Background: Although influenza vaccines are generally safe and effective, a variety of autoimmune phenomena have been reported after vaccination over the past years, such as Guillain-Barre syndrome, rheumatoid arthritis, pemphigus vulgaris, psoriasis, giant cell arteritis and anti-neutrophil cytoplasmic antibody (ANCA) associated vasculitis (AAV).
Background
Seasonal influenza vaccination is widely used in the western world, particularly in the elderly population, chronically ill patients, immunocompromised subjects and health care workers to provide protection against influenza and its potential secondary complications. Although influenza vaccines are generally safe and effective, a variety of autoimmune phenomena have been reported after vaccination over the past years, such as Guillain-Barre syndrome, rheumatoid arthritis, pemphigus vulgaris, psoriasis, Henoch-Schönlein purpura, polymyalgia rheumatic, giant cell arteritis and anti-neutrophil cytoplasmic antibody (ANCA) associated vasculitis (AAV) [1] [2] [3] [4] [5] . AAV is a rare disease with an overall annual incidence of 13-20 cases per million individuals, with a peak incidence of only 65 per million/year in those aged 65-74 years [6, 7] . AAV is a small to medium vessel vasculitis, and comprises three syndromes: granulomatosis with polyangiitis (GPA), microscopic polyangiitis (MPA) and eosinophilic granulomatosis with polyangiitis (EGPA) [8] . Here we describe a case of a patient presenting with AAV after influenza seasonal vaccination. influenza vaccination. Over the past 3 years he received influenza vaccinations twice without any complications.
Physical examination revealed weakness in both his upper legs and arms and a reduced sense of feeling in his right arm. Also, both hands showed signs of muscular atrophy of the thumb muscles with flattening of the ball. The tendon reflexes at his legs were normal.
Blood tests showed raised levels of erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP), a mild normocytic anaemia, leukocytosis and normal renal function (creatinine 87 μmol/l) ( Table 1) . At admission the urinalysis demonstrated no active urinary sediment. Three weeks after hospital admission, serology revealed a positive perinuclear anti-neutrophil cytoplasmic antibody (pANCA) with positive myeloperoxidase (MPO)-ANCA at a titer of 46 E/ml (reference < 3.5 E/ml). It was unknown if the patient was MPO-ANCA positive in the past. Imaging studies with computed tomography scan (CT scan) of chest and abdomen, magnetic resonance imaging (MRI) of head and neck, and positron emission tomography with 2-deoxy-2[fluorine-18]fluorod-glucose with computed tomography (18F-FDG PET/ CT) revealed no abnormalities. No increase in cell count was seen during lumbar puncture. Cultures of cerebrospinal fluid, blood and urine as well as a tuberculin skin test and a quantiferon test were negative. Electromyography (EMG) showed decreased compound muscle action potentials (cmap) of the peroneal nerves of both legs and the tibial nerve of the right leg. All the additional research was done before administration of prednisolone. During hospitalization kidney function deteriorated, with a maximum serum creatinine level of 178 µmol/l (upper limit of reference value 104 μmol/l). Three weeks after hospital admission, the urinalysis became deviant with red blood cells (2+) and protein (2+), dysmorphic erythrocyes and/ or red cell casts were not observed. Renal biopsy was conducted which revealed a small and medium-size vasculitis and tubulo-interstitial infiltration ( Figs. 1 and 2 ). Three out of ten glomeruli showed glomerulosclerosis. Additional immunofluorescence with IgA, IgG, IgM, C3 and C1q were negative.
Our patient was diagnosed having MPO-ANCA associated vasculitis with involvement of kidneys and peripheral nerves one month after admission to the hospital. Initial symptoms started two weeks after seasonal influenza vaccination. Because of rapidly progressive disease therapy was initiated with high dosages of intravenously administered prednisolone (1000 mg) for three consecutive days followed by oral prednisolone in tapering regimen, in combination with intravenous pulse cyclophosphamide (700 mg: 10 mg/kg adjusted for age and renal function) and trimethoprim/sulfamethoxazole (480 mg daily) for Pneumocystis jiroveci pneumonia prophylaxis, according to the consensus regimen of the European vasculitis study group [9] . The cyclophosphamide treatment was continued for three months, resulting in remission of the disease process. Levels of ESR and CRP dropped and renal function stabilized (serum creatinine levels 140-150 µmol/l). He was discharged from the hospital to a rehabilitation centre for further recovery. Patient continued on azathioprine for another 18 months. Remaining symptoms one year after initiation of treatment consist of distal sensory loss of hands and feet and loss of fine motor skills of the hands.
Discussion
In this report, we described a patient with MPO-ANCA vasculitis with renal involvement and mononeuritis multiplex two weeks after seasonal influenza vaccination.
Since the patient showed overlapping sets of clinical features it was difficult to diagnose the exact subtype of AAV [10, 11] . Currently, a handful of AAV cases have been reported in temporal association with influenza vaccination [12] [13] [14] [15] [16] [17] . Recently, The Brighton Collaboration Vasculitis Working Group published a systematic literature review on adverse events following immunization (AEFI) suggesting an association between influenza vaccination and vasculitis, however no evidence is found to confirm this association yet [18] . The temporal relationship with the influenza vaccine could have been completely coincidental in our case. Several other etiological factors, such as exposure to silica, viral or bacterial infections, medication and genetic susceptibility have also been correlated to AAV [19, 20] . Vasculitic neuropathy is characterized by a necrotizing vasculitis involving the small arterioles of peripheral nerves. Mononeuritis multiplex is a painful, asymmetrical, asynchronous sensory and motor peripheral neuropathy involving isolated damage to at least two separate nerve areas. It can be distributed bilaterally, distally and proximally throughout the body, as we describe in our patient [21] . Hadden et al. reported several case reports with vasculitic neuropathy after influenza vaccination [22] . Mononeuritis multiplex was not proven histopathologically in our patient. However, the progressive neurological impairment was highly suggestive of mononeuritis multiplex, especially in combination with the results of the performed EMG as well as the histopathological proven renal vasculitis (level 2 evidence according to The Brighton Collaboration Vasculitic Peripheral Neuropathy Working Group) [22] .
The exact etiology of post-influenza vaccination vasculitis is unknown. Several possible underlying mechanisms have been postulated, such as molecular mimicry, autoimmune syndrome induced by adjuvants (ASIA) and viral ribonucleic acid (RNA). In molecular mimicry, a microbial/foreign antigen shares structural similarities with self-antigens. Prolonged inflammatory responses to these foreign antigens can therefore induce autoimmunity syndromes in predisposed individuals [23] [24] [25] . A second possible mechanism is ASIA. Adding an adjuvant to a vaccine antigen leads to several advantages, including dose sparing and the introduction of a more rapid, broader and strong immune response. However, disadvantages of these adjuvants have been described as well. The pathogenesis of the ASIA syndrome is founded on the hypothesis that an exposure to an adjuvant may trigger the development of an autoimmune disease [26, 27] . The influenza vaccination our patient received was the third vaccination in three years. The first two years he had no complications after the vaccination. . Unfortunately, we were not able to obtain information on whether these vaccines were adjuvanted Fig. 1 Light microscopy imaging of the renal biopsy demonstrating a small vessel vasculitis. Original magnification ×400, using Haematoxylin-eosin stain Fig. 2 Light microscopy imaging of the renal biopsy demonstrating a medium sized vasculitis. Original magnification ×100, using Haematoxylin-eosin stain or not. According to the ASIA criteria defined by Alijotas-Reig, our patient met three major criteria, including exposure to an external stimulus, minimum latency time of days and muscle weakness [28] . Recently, another possible mechanism has been proposed regarding influenza vaccines containing viral RNA which may increase the production of Proteinase 3 (PR3-ANCA) and thus further contribute to the development of AAV following influenza vaccination [17] .
Several clinical trials have investigated the relapse rate of AAV after influenza vaccination. Overall, influenza vaccination does not seem to increase the relapse rate in patients with pre-existent AAV in remission [29, 30] . Furthermore, the disease free survival was lower in patients not vaccinated [30] . A recent report showed no changes in auto-antibody levels after influenza vaccination in a small group of healthy individuals [29] . However, one study found silent auto-antibody formation after influenza vaccination in healthy individuals, but this did not reach statistical significance and none of the participants had clinical symptoms of systemic autoimmune disease [31] .
In this report we described another case suggesting a temporal relationship between influenza vaccination and AAV with mononeuritis multiplex. However, existing literature does not support a causative link between vaccination and vasculitis yet. Further research is needed to evaluate this potential causal relationship, especially given the extent of influenza vaccinations administered to the peak age incidence population on an annual basis. In general, seasonal influenza vaccinations are considered to be safe, however, clinicians should be aware of this rare phenomenon. Authors' contributions SE wrote the first draft of the manuscript and contributed to all revisions of the manuscript. RA, JL and MH diagnosed the patient with MPO-AAV and treated him subsequently. KR performed the histopathological examination of the kidney biopsy and thus contributed to the final diagnosis. VD was consulted during admission of the patient and contributed to the revision of the manuscript. RA supervised the findings of this work. All authors read and approved the final manuscript.
